We present a new catalogue of EROs from the Groth strip and study the relation between their morphology and mass. With a selection criterion F814W-K s 4 and K s 21.0 we find 102 EROs, over a survey area of 155 arcmin 2 , leading to a surface density of 0.66 arcmin −2 . The photometric data include U, B, F 606W, F 814W, J, K s bands. Morphologies are based on a by eye classification and we distinguish between 3 basic classes: compact objects, targets with a disc and/or a bulge component and irregular or merger candidates. An additional group consists of the few objects which could not be classified. The majority of our targets has either a very compact morphology (33±6%), or show more or less distinct disc components (41±6%). 14±4% are merger or irregulars and 7 objects (approximately 10%) could not be classified. We also study the dependence of structural parameters (effective radius: r eff , Sérsic index: n) on morphological appearance. As expected, EROs that are either compact or show a distinct bulge component have smaller median effective radii (1.22±0.14 kpc and 3.31±0.53 kpc) than disc dominated (5.50±0.51 kpc) or possible irregular galaxies or merger candidates (4.92±0.14 kpc). More importantly, the Sérsic index changes from 2.30±0.34 and 3.24±0.55, to 1.03±0.24 and 1.54±0.40 respectively. As found in previous studies, most the EROs in our sample have redshifts between z = 1 and z = 2; however, compact EROs in our sample are found at redshifts as low as z = 0.4 and as high as z = 2.8; the latter qualify as well as distant red objects (DRGs). Disc-like EROs are also found up to z = 2.8; however those with a bulge-disc structure are only seen at z < 1.5. For each of these EROs we determined the stellar mass and mean population age by fitting synthetic Bruzual (2007) spectra to the photometric spectral energy distributions, via χ 2 minimisation. Mass estimates were obtained by assuming an exponentially declining star formation rate with a wide set of parameters, e.g. decay time, redshift of last star formation, metallicity and optical depth. Total stellar masses for our sample are in the range 9.1 < log(M/M ) < 11.6. We cannot detect significant differences between the stellar mass distribution of the morphological classes. EROs with masses of log(M/M ) > 11.0 dominantly show compact morphologies, but also include a significant number of sources with a disc morphology.
INTRODUCTION
It has been 20 years since the first discovery of a population of galaxies with optical to near-infrared (NIR) colours quite different from typical field sources (Elston et al. 1988 (Elston et al. , 1989 Hu & Ridgway 1994) . Usually defined by R-K > = 5..7 or I-K > = 4..6 colours (in the Vega system), extremely red galaxies are a subset of extremely red objects (EROs) and we will use this more general term throughout this paper. As diverse as the selection criteria are the stellar populations which produce such red spectral energy distributions. Today, the classification as ERO is beyond the two classic galaxy types, namely old evolved galaxies with no or very limited recent star formation or dusty galaxies with star formation rates (SFR) associated with starbursts, typically with redshift between 1 and 2. The ERO population also comprises normal spiral galaxies (Gilbank et al. 2003; Yan & Thompson 2003; Moustakas et al. 2004 ) at slightly lower redshifts. The latter contains a large fraction of edge-on galaxies, where inclination puts a reasonable amount of dust into our line of sight and reddens the SED. Also galaxies harbouring an AGN (Alexander et al. 2002; Brusa et al. 2005) , and starburst/AGN combinations (Afonso et al. 2001 ) are found among the ERO samples. In addition, several other red galaxy populations have been found, e.g. infrared-detected galaxies (Yan et al. 2004) , distant red galaxies (DRGs) (Labbé et al. 2005; Papovich 2006 ) and BzK selected galaxies Hayashi et al. 2007) . EROs are relevant because they allow to explore the abundance of massive old ellipticals, which in turn poses a strong test for the two competing scenarios of elliptical galaxy formation: early assembly (z f >2-3), e.g. by monolithic collapse, and passive luminosity evolution thereafter (PLE models) (Tinsley & Gunn 1976; Pozzetti et al. 1996) , or hierarchical merging of smaller sized objects (White & Rees 1978; Kauffmann et al. 1993; Somerville et al. 2001) . Observational evidence has been found for both scenarios: several surveys have detected a deficit of ellipticals at z >1, supporting the hierarchical merging models (Roche et al. 2003; Kitzbichler & White 2006) , while others are consistent with PLE Cimatti et al. 2002; Somerville et al. 2004) . In recent years the hierarchical merging scenario in a ΛCDM universe has been established as the favoured model. Nevertheless, the vast number of different renditions leaves room for dramatically different predictions regarding critical parameters like the number density of massive galaxies at specific times (Fontana et al. 2004; Treu et al. 2005 , and references therein). As a whole, extremely red galaxies are among the more massive galaxies (M 10 11 M ) (Glazebrook et al. 2004; González-Pérez et al. 2008 ) and the existence of such galaxies with evolved stellar populations at high redshifts is one of the challenges to the hierarchical galaxy formation model (White & Rees 1978; Kauffmann et al. 1993; Somerville et al. 2001) In the local universe, masses can be determined accurately by studying the dynamical mass of galaxies and obtaining scaling relations such as the fundamental plane for early type galaxies (Dressler et al. 1987; Reda et al. 2005; La Barbera et al. 2008 ) and dwarf irregulars (Vaduvescu & McCall 2008 ) and the Tully-Fisher relation for spiral galaxies (Tully & Fisher 1977; Kassin et al. 2007 ). Those relations have been used successfully out to z∼1.3, but the most active area of mass assembly, z>1.5, is not accessible at current times, although first steps have been taken by e.g. Cenarro & Trujillo (2009) and Cappellari et al. (2009) . At higher redshifts, the baryonic mass derived from broadband photometry is comparable to the predictions of stellar population models, like Bruzual & Charlot (2003) , Maraston (2005) and Bruzual (2007) . In this paper we present an analysis of the ERO population in the Groth strip , based on optical and NIR photometry from the GOYA photometric survey and HST imaging. We describe the morphology, stellar masses and ages, derived from broadband photometry. Specifically we address, first whether all EROs fit in the classic morphological types, and second whether the typical stellar mass of the ERO population changes with cosmic time, and finally, whether at a given redshift the different morphologies of the ERO population correlate with the stellar mass. The paper is structured as follows. In §2 we describe briefly the data available from the GOYA survey and the sample selection. §3 describes the morphological classification, and §4 gives an overview how stellar masses were derived using multiband photometry. §5 gives details on the morphology and mass estimates for each ERO class. All magnitudes are given in the Vega system and we assume ΩM=0.3, ΩΛ=0.7 and H0=70 kms −1 Mpc −1 throughout this work.
DATA AND SAMPLE SELECTION
We have selected a sample of extremely red galaxies (EROs) from the GOYA (Galaxy Origins and Young Assembly) survey (Balcells et al. 2002) . This is a combined Ks selected catalogue covering the Groth-Westphal strip (≈ 155 arcmin 2 ) in 4 optical bands, U,B,F606W and F814W, as well as J,Ks in the NIR. The U and B imaging were taken with the Wide Field Camera (WFC) at the prime focus of the 2.5m Isaac Newton Telescope (INT); data reduction and catalogue generation are described in Eliche-Moral et al. (2006) and Domínguez-Palmero et al. (2008) : 50% detection efficiencies are 24.8 mag in U and 25.5 mag in B. The F606W and F814W data originate from the Wide Field and Planetary Camera (WFPC2) on-board HST, as part of the original Groth strip survey (Groth et al. 1994) , that was later analysed for the Medium-Deep Survey (MDS: see, e.g. Ratnatunga et al. (1999) , and by the Deep Extragalactic Evolutionary Probe (DEEP; see, e.g., Simard et al. (2002) ). The NIR JKs data were obtained with the 1024×1024-pixel INGRID camera at the Cassegrain focus of the 4.2m William Herschel Telescope (WHT). Data processing and catalogue generation are described in Cristóbal-Hornillos et al. (2003) . The 50% detection efficiencies range between Ks = 21.2 mag and Ks = 20.2 mag, depending on the Figure 1 . Colour-magnitude diagram for the full Ks selected catalogue (black) in the Groth strip and the final ERO sample (red). The horizontal line represents our colour threshold, the upper envelope is the result of the detection limit in F814W. Black dots above the colour threshold show objects which were excluded from our sample during the morphological classification due to their bad image quality.
seeing of the individual pointings. The EROs selection is done by running SExtractor on the original Ks-band images, and photometry on all bands, including Ks, is obtained on apertures of 2.6 arcsec FWHM, in double-image mode, on the images convolved to 1.3 arcsec FWHM. All sources which were classified as stellar objects, based on stellarity greater than 0.8 (given by SExtractor) in the I-band (F814W ) were excluded from our sample. Figure 1 shows the colour-magnitude diagram of the whole GOYA catalogue and the final ERO sample.
All our EROs have colours redder than F814W-Ks 4.0. Our initial sample contains 114 objects which we have studied by eye to exclude sources close to the edge of either the F814W or Ks-band image were we have a lower image quality. As result we have excluded 6 objects from our original catalogue. Additional objects have been excluded due to their unresolved morphology (see section 5.2). Several surveys have obtained spectroscopic redshifts for different galaxy populations in the Groth strip (Weiner et al. 2005; Sarajedini et al. 2006) 1 . However, the paucity of emission lines in ERO spectra, plus the lack of prominent emission lines in the visible range at redshifts above 1.4, result in very few EROs having spectroscopically-determined redshifts. We therefor used photometric redshifts available from the GOYA catalogue. These were derived using Hyperz (Bolzonella et al. 2000) , redshift errors were estimated from σz phot = σ δz ×(1+z phot ) with σ δz =0.07 (López-Sanjuan et al. 
2009).
Based on our photo-z we can see that the used colour threshold of F814W-K s 4 is fairly efficient at selecting galaxies in a redshift range of 1 z 2. However, this specific colour selection is not very stringent, due to the large variety of star forming histories galaxies may have followed. Figure 2 shows the redshift distribution of our final ERO sample, compared to the whole K-selected catalogue. As expected, most EROs have redshifts between 1 and 2, although exceptions at lower and higher redshifts exist. The redshift distribution of our ERO sample peaks at z=1.32±0.02, which is in good agreement with Conselice et al. (2008) who find an average redshift for an I-K >4 selected sample of z =1.43±0.32 (Conselice et al. 2008) .
MORPHOLOGICAL CLASSIFICATION OF EROS
Morphologies were classified by visual inspection of the F814W image of each individual galaxy (Yan & Thompson 2003; Moustakas et al. 2004) . Sometimes down-valued for being subjective, visual classification has a long history and is in fact the method employed to establish the morphological classification of nearby galaxies (de Vaucouleurs 1948; Ellis et al. 2001; Desai et al. 2007 ). We compare this visual classification with the results of a machine-based method based on fitting 2D surface-brightness Sérsic profiles (Roche et al. 2002; Simard et al. 2002; Fu et al. 2005; Stockton et al. 2006) , using GALFIT (Peng et al. 2002) . The later avoid human subjectivity but are also subject to limitations, e.g., when galaxy isophotes are not concentric, aligned ellipses or galaxies with large inclinations. We did not base our classification on automatic determined concentration-asymmetry indices (Abraham et al. 1996 ; Huertas-Company et al. 2008; 
Conselice et al. 2008
). Concentration and asymmetry indices are difficult to interpret in EROs which tend to be compact and hence have few pixel where to measure the indices. Furthermore, important systematic errors may occur above z∼1 where the F814W filter samples the rest-frame UV. Compared to both methods, a visual inspection can pick up the more subtle morphological details and the sample size is small enough to allow detailed inspection of each of the images.
With a mean redshift of 1.32 for the ERO sample, the WFPC2 data sample a rest-frame wavelength of 3500Å and thus the F814W image is sensitive to star formation and to patchy dust extinction. Our morphologies may thus suffer from a 'morphological K-correction bias'. We partially compensate for any such biases by inspecting the ground-based K-band image together with the HST/WFPC2 NIR channel. Each galaxy in our sample of 102 EROs was classified individually by four of the authors (A.H., M.P., I.T. and M.B.). Sources for which at least 3 classifications agree are considered as "secure". Besides the HST/F814W image, in a few cases we used either the radial profile or the surface brightness isophotes to refine our classification. Initially, we aimed at classifying 3 different morphological types: compact for early type galaxies; extended for disc types; and irregular and merging. However, the second class proved to be quite diverse, containing both galaxies with a bulge and a disc component and galaxies which show no clear bulge component. An examples for each class which show a distinct morphology can be seen in Fig. 3 . Finally we differentiate between 6 classes:
(i) class 1: objects with very compact morphology, like expected for early type galaxies;
(ii) class 2a: objects with bulge and disc component (early type discs); (iii) class 2b: disc galaxies with no clear bulge component, including edge-on discs (late type discs);
(iv) class 2c: extended objects with bulge and/or disc component, for which no clear classification as either class 2a or class 2b was possible; We complemented the visual classification with a 2-dimensional surface-brightness fit of each source in our EROs sample, in order to compare the result of both methods, to determine physical sizes and to explore the mass-size correlation between the different morphological classes. The structural parameters were estimated with the GALFIT package (Peng et al. 2002) , using the HST/WFPC2 F814W. GALFIT simultaneously fits several parameters of an analytic light distribution, thereby minimising χ 2 , the residual between the original image and the model. As result we can describe the global morphology of our objects in terms of structural parameters, like sizes (given as half-light radius or effective radius r eff along semimajor axis ae) and Sérsic index n. All our targets were modelled with a Sérsic profile (I(r) ∝ exp(−(r/r eff ) 1/n )). Despite our morphological classification, we keep also the Sérsic index as free parameter, hence not forcing a pure de Vaucouleurs profile (n=4) on "elliptical" EROs or exponential disc profiles (n=1) on objects with bulge and disc components. All models were convolved with a PSF obtained from unsaturated stars in the image and extremely bright close-by neighbours were masked. The initial values for the parameters to be fitted were derived by SExtractor. For objects where derived parameters like magnitude, size or position seemed extremely off, the models were tuned by keeping either Imag or the position fixed. Figure 4 presents examples of the results, using a single Sérsic profile.
Results of the morphological classification are presented in paragraph 5.1.
DETERMINING STELLAR MASSES AND AGES
Stellar masses are estimated by fitting the photometric data to synthetic spectra convolved by the filter transmission function, assuming a known photometric redshift. We use magnitudes corrected for aperture effects and scaled to the best fit spectral energy distribution, which also provides the value for photometric redshift. For 5 objects this procedure produces K-band magnitudes fainter than the detection limit and hence were excluded at this point.
EROs with a compact morphology are considered to be old evolved systems, whose stellar population formed in a burst like event over a time span much shorter than their age. As such, population models comprising a single stellar population (SSP) or composite population 'τ -models' with rapidly declining SFR (∝ exp(-t/τ )) should be adequate. For morphologically extended EROs, for their similarities with galaxy discs, τ -models with more extended values of τ should provide a reasonable approximation to their star formation history. The masses presented here are therefore estimated using τ -models. Clearly, the true SFH of these galaxies may be more complex, and we have fitted each galaxy SED with composite populations comprising a SSP and a τ -model. However, considering the small number of available bands, these models suffer from too much degeneracy. The model predictions are based on the models from Charlot and Bruzual (Bruzual 2007) , and both stellar mass and age for various star formation histories were derived (see section 4.1). The term "age" indicates the time between the start of the last episode of star formation (z f ) and the time these galaxies were observed, and therefor represents a "upper" limit. To simplify, we use "mass" as synonym for "stellar mass" throughout the paper.
Models
Independent of morphology, we have modelled all EROs with the same set of models and parameters, described in Tab. 1. The extinction was modelled with the Calzetti extinction law (Calzetti et al. 2000) , assuming an average inclination, i.e. orientation effects were not included. The fitting procedure determines which combination of mass and age produces the best fit to the photometric data.
From all models (624 models for each ERO) we selected the one with the lowest χ 2 as best fit. Figure 5 shows an example for the χ 2 values obtained for one specific ERO (ero 141715.09+522142.6), one of the EROs with a compact morphology.
The shaded area (upper left plot) identifies the models with χ 2 − χ 2 best ≡ ∆χ 2 2.3, representing a confidence interval of 68.3% assuming 2 free parameter, stellar mass and age. The majority of models fit the available data poorly, but 10 models result in χ 2 values similar to the best solution (for two pairs of models the χ 2 values can not be separated in this plot). The stellar mass for these models ranges from 0.7 ×M best up to 1.8 ×M best . In the remaining three panels we kept some of the model parameters fixed, in order to better separate the influence of specific parameters on χ 2 . The upper right plot shows the influence of formation redshift (symbols) and dust content (colour), while the other parameters (metallicity and exponential decay time) cover the whole range. For this specific object, models with higher formation redshifts and low extinction show significant better results. Nevertheless, the quality of these models does not improve very much by varying additional parameters like metallicity and exponential decay time. The combination of these parameters might change the stellar mass considerably (as seen in the upper left panel), without improving the quality of already "good" fits. In the lower left panel we compare only models with an extinction of Av=0.6 and τ = 0.5 Gyr. We can see, that for z f =6, the metallicity improves the fit quality significantly, while the stellar mass increases only slightly. A formation redshift z f =7 provides better results in general, however, changing the metallicity does not lead to a lower χ 2 . In general, the initial metallicity becomes less influential if the object has been formed at earlier times. The lower right panel in this figure shows models with z f =7, τ = 0.5, 7.0 Gyr and Av=0.6, 1.0. All models shown by the same symbol and same colour vary only in their initial metallicity. It becomes clear that for longer exponential decay times, the initial metallicity becomes more important. The χ 2 values for τ = 0.5 Gyr and Av=0.6 and 1.0 vary noticeable less than for τ = 7.0 Gyr. This plot clearly illustrates that all the parameters influence each other in non linear way, e.g. the effect of one parameter on χ 2 does not have to be constant, if one of the remaining parameters changes. At the moment we have not calculated the error in age and mass, however, the plot shows that the later can vary by a factor of 2.5 with almost constant χ 2 , depending on the specific SED template. At the same time, the age for this object will vary by less than 30%. Such uncertainties in stellar mass agree well with the results of Elsner et al. (2008) , who estimated that errors in redshift, M/LK-ratio, photometry and errors attributed to template fitting can add up to a mean uncertainty of about σ log M = 0.33 dex. For an extensive study of stellar mass estimators, their limitations and uncertainties see Longhetti & Saracco (2009) .
RESULTS
In this section we present our results regarding morphologies, stellar masses, ages and their evolution. Our catalogue is presented in tabular form in the Appendix in Tables A1  and A2 , where we list both photometric, morphological, structural and stellar population parameters. Figure 6 shows the redshift distribution for each morphological class (see section 3). The sample of compact objects (class 1, upper left panel in Fig. 12 and Fig.13 ) and EROs with bulge and/or disc component (class 2a,b,c, upper right panels in Fig. 12 and Fig. 13 ) show the clearest redshift distributions, with a peak between redshift 1 and 2. The large number of compact objects with redshifts of 0.9 z phot 1.0 can not be explained by pure low number statistics, hence we looked at the spatial distribution of compact EROs in this region ( Figure 7) . 4 of the compact objects lie within a field of 1.1 arcmin radius (0.5 Mpc at z=0.95). The large number of such EROs in a very narrow redshift bin hints at an overdensity of compact objects, as we find only a total of 8 such galaxies in the whole 155 arcmin 2 field. The resulting surface density is 20 times higher than the average value. However, the 4 EROs lie in an interval ∆z phot = zmax-zmin = 0.07 which, given our typical z phot errors, is consistent with zero. In order to proof the physical association of these EROs, spectroscopic redshifts are required.
In Figure 8 we show a summary of the photometric properties (colour vs apparent magnitude (Ks), absolute magnitude (MK ) and redshift) of our EROs sample. We detect EROs from the detection limit of our survey, Ks ∼ 21, up to Ks ≈ 18. In Fig. 8 , left panel, the distribution in colour-apparent magnitude has an apparent triangular shape, such that the reddest EROs are only found at intermediate apparent magnitudes. On the faint side of this distribution, this is due to an observational bias given by the detection limit in F 814W . On the bright side, the trend is real. It originates from the fact that the reddest EROs . Redshift distribution for all classes. The second panel shows the result for all objects with bulge and disc component, disc dominated objects and objects which could not be clearly classified as belonging to either of those.
are among the most intrinsically luminous of the sample, as portrayed in the central panel of Figure 8 , which shows observed colour against K-band absolute magnitude. We detect a mild colour-absolute magnitude relation, but no significant trend of colour with redshift (right panel of Fig. 8 ).
All morphological classes are found at all magnitudes and colours, nevertheless, most of the faint objects with irregular of merger characteristics have bluer colours than their brighter counterparts. Brighter EROs (Ks 19.5) are slightly dominated by disc-like morphologies and EROs with an undetermined morphology are found at the fainter magnitudes (see also Fig. 9 ). Based on our data set, we see no clear distinction of the photometric properties between the morphological classes.
Morphology
From the visual classification of our sample we find that 33%±6% of our EROs have a compact morphology and 41%±6% have a disc component. Irregular galaxies and merger candidates contribute 14%±4%, while 10%±3% are not classifiable due to low image quality. The uncertainties are quoted solely on the basis of the statistical error of the number of EROs in this morphological class. Our result agrees well with Gilbank et al. (2003) , who also find an almost equal fraction of spheroidal/compact EROs and disc-like objects among a sample of 224 EROs (K<20,I814-K) 4.0), 30% and 35% respectively. 15% of their EROs show a disturbed/irregular morphology. Nevertheless, this result is in contradiction to Yan & Thompson (2003) and Moustakas et al. (2004) . The former performed a visual classification of 115 EROs (F814W-K s 4, 5σ median limiting Ks magnitude of ≈ 18.7) into 4 broad categories: spheroids or pure bulge galaxies, bulge-dominated galaxies, disc-like systems with some evidence of a bulge and discs which show no obvious bulge component. Yan and Thompson use the same data set (Medium Deep Survey) as Gilbank et al. and find that approximately 66% of their EROs are discs or disc dominated and only 34% have morphologies consistent with bulges or are bulge dominated. These numbers refer to a total of 101 EROs (out of 115) for which the visual classification is either bulge, bulge dominated, discs or disc dominated. However, our results agree in regard to a large fraction of edge-on spirals, 57%±11% of EROs with discs show such an orientation, compared to 40% in the Yan et al. sample. Moustakas et al. find a combination of 36% early type galaxies, 55% late type and 5% irregulars.
The most secure classifications of our sample (i.e. at least three out of four classifiers agree) have been obtained for the objects in class 1 (33 of 34), class 2a (13 of 13) and class 2b (24 of 24). The classification for the members of class 2c and class 4 is the least reliable, almost no object in either class (5/5 and 8/9 for class 2c and class 4 respectively) shows a easy to distinguish or unique morphology. For class 3, consisting of irregular and merger candidates, the classification is secure in about 50 % (8 of 14) of the sample.
Structural Parameters
In Table A1 . we list effective radii, Sérsic index, axis ratios and model magnitudes, with their errors, for all of the EROs as produced by GALFIT (if not stated otherwise, the effective radii are not circularised), figure 10 shows the results of the structural analysis for the different morphological classes. For 6 objects with a compact or undetermined morphology (5+1 objects of class 1 and class 4, respectively), the effective radii are extremely small, 0.1 kpc. The visual inspection of the original images revealed, that these EROs are barely resolved and although the overall quality of the fit is comparable to the other targets, all parameters show large errors and are very likely faint stars instead of galaxies (these objects have been marked in Tab. A1). On this basis we excluded these objects from our analysis. The EROs with compact morphology show the smallest median effective radii (1.19±0.14 kpc), followed by EROs of mixed morphology (bulge+disc) and disc dominated, 3.31±0.53 kpc and 5.38±0.50 kpc respectively. Objects which could belong to either of the last two classes (objects with class 2c morphology) have median sizes of 4.91±0.14 kpc. Sources which appear irregular or might be part of Figure 8 . Photometric properties of the complete EROs sample: dependency of F 814W − Ks colour on Ks, M K and redshift. The same symbols and colours are used in all three panels, the sloped line indicates the colour limit assuming a detection limit of F 814W lim =25.8 Figure 9 . Ks-magnitude distribution (left panel) and F814W-Ks colour distribution (right panel) for our EROs sample, The colours are based on the magnitudes derived from the best fit SED, and not aperture magnitudes. The red histograms represent EROs of class 1, green indicates objects of class 2a,b, and c, i.e. EROs with discs. Irregular galaxies or merging candidates and not classified objects are shown in blue and black.
an ongoing merger and hence show a disturbed morphology have median sizes of about 4.92±1.06 kpc. The median size of objects with no discernible morphology (class 4) is 2.59±0.69 kpc. The median Sérsic index for our compact EROs (class 1), n=2.30±0.34, is within the errors, in the range for quiescent galaxies, n 2.5, used by Trujillo et al. (2007) , based on the comparison with local galaxies. EROs which appear to be pure discs or at least disc dominated are best fitted with a Sérsic index of n=1.03±0.24, compared to a Sérsic index of 1 for exponential profiles. Objects with bulge and disc components have a median Sérsic index of n=3.24±0.55. This implies that the light distribution seems to be dominated by the bulge component, similar to the compact objects in class 1. The result for irregulars or merger candidates (n=1.54±0.40) lies between compact EROs and disc dominated objects, as we have seen for the effective radius. A median Sérsic index of n=5.06±1.61 would imply a very steep surface brightness profile for objects with an unclassified morphology, however, the images have either a low quality and/or the targets are almost unresolved. In our visual classification we consider "edge-on" disc dominated as separate morphological class (class 2b) and we would expect that these objects show smaller axis ratios (semi minor axis/semi major axis) than the other morphological types. The plot in figure 11 confirms this expectation, showing an increasing axis ratio from an apparent "edge-on" morphology, to "disc+bulge" morphologies and the more compact elliptical EROs (0.3±0.03, 0.45±0.06 and 0.62±0.04 respectively).
Using the masses determined in section 4, we show in Figure 17 the stellar mass-size relation for EROs. The dashed-dotted line shows the relations for early type galaxies (n 2.5) and the dashed line for late type galaxies (n<2.5), based on the analysis of SDSS galaxies by Shen et al. (2003) . This figure shows that compact galaxies deviate more clearly from the local relation than the other morphological types, supporting the strong evolution of the stellar mass-size re- lation, as described by Trujillo et al. (2007) for the most massive galaxies.
Stellar Masses
We now present stellar masses for 97 EROs in our sample, computed as outlined in sec. 4. The output of the mass code, namely stellar mass and population age, are shown against redshift in Figures 12 and 13 , respectively (see also Table A2 .). The vertical error bar in the top-left panel of Figure 12 indicates the typical uncertainty of 0.3 dex. In Figure 13 , where ages are shown against redshift, lines correspond to formation redshifts as detailed in the legend. The median and rms of the total stellar mass of each morphological class are given in Table 2 , and displayed in Figure 14 . Stellar masses for our ERO sample range from log(M/M ) = 10.0 to log(M/M )=11.8. Median stellar masses lie between log(M/M ) = 10.7 and 11.0. The median masses change little from one morphological class to another. Such independence of stellar mass with morphological class is the main result of this paper. This result was not expected. The common understanding that the most massive galaxies are ellipticals led us to expect EROs with disc or (major) merger morphologies to have significantly lower masses than EROs with compact morphologies. One third of the EROs with a disc dominated morphology (24 EROs in class2b) have masses above 10 11 M suggests a mechanism to build up massive galaxies that does not involve dissipationless mergers. Such galaxies may have grown through cold accretion ); alternatively, massive discshaped EROs, which must contain vast amounts of dust, are also candidates for remnants of very gas-rich major mergers (Hopkins et al. 2009 ). That EROs include disc-shaped objects with a range of bulge prominence may indicate that the build-up of bulge components in disc galaxies between redshifts 2 and 1 (e.g., ) includes important dusty phases.
Due to the large scattering in mass between the members of each class and the low numbers, no significant difference in median stellar mass is evident, including the EROs belonging to class 4, whose mean stellar mass (log(M/M ) =10.7) differs by approx. 1σ from from the other morphological classes (see Fig. 14) .
Below we discuss each morphological class in more detail.
(i) class 1: compact EROs The compact morphology of these objects is rather distinct and closely resembles those of an elliptical galaxy with a dominant old stellar population and no or very low ongoing star formation. For most EROs (21 of 34) in this sample the decay times are 100 Myr and less, i.e. the period of star formation is extremely short and on first look resembles a single burst. However, Fig. 15 illustrates that for some objects the ratio between t(z f )-t(z) and τ is rather small, indicating that these EROs might still form a certain amount of stellar mass. Using a threshold of age/τ =6 (Fontana et al. 2009 ) to separate active and quiescent galaxies, 67±14% (23/34) of our compact galaxies qualify as quiescent. The fraction of quiescent galaxies among the "bulge+disc" galaxies is 84±25% (11/13), and drops to 58±15% (14/24) for disc dominated galaxies. Combining the galaxies which are either pure bulges (class 1) or show bulge+disc structure (class 2a), we find that approximately 72% (34/47) of this sub-sample would qualify as quiescent galaxies.
Nevertheless, we find that more than 50% of the entire compact ERO sample have ages of less than 1 Gyr. The youngest object in this class has an apparent age of 0.1 Gyr. The deficiency of low mass objects (M <5×10 10 M ) at higher redshifts is result of the limited depth of our survey. This impression is largely caused by two z ∼ 1 objects with masses log(M/M )< 10. We have tested the detectability of these two low-mass objects at higher redshifts by simulating their appearance as a function of z, assuming passive evolution (Fig.16) . The simulations show that the lack of low-mass objects at higher redshift is the result of the limited depth of our survey.
(ii) class 2a, 2b, and 2c: EROs with disc component In this class we find no objects with masses below log(M/M )<10. Contrary to the compact class, objects with disc-components and with masses between 10.2< log(M/M ) <11.5 are found in the whole redshift range, up to redshift 2.5. This behaviour is clearly visible in panels assigned to class 2 objects in Fig. 12 . The mass Figure 13 . Stellar ages based on an exponential declining star formation. The lines correspond to the maximal possible age for a galaxy formed at z f =8, 6, 4, 3, if observed at the given redshift (from top to bottom, red line corresponds to z f =6).
distributions of the three sub-classes differ due to the limited redshift intervals where objects of each class are found, the mean stellar of all morphological types (with disc-component) agree well within their accuracy (see Tab. 2). Similar to compact EROs, we find a significant number of objects with stellar populations of more than 1 Gyr of age, both among EROs with and without bulge component. However, no object seems to be younger than 0.3 Gyr, although we would expect these to have lower ages than the compact EROs. For approximately 2/3 of this population, the last star formation event started not later that z f =3 (see also Fig. 13 ).
(iii) class 3: irregular/merging EROs The majority of objects in this class have masses of approximately 10 11 M , similar to the masses of compact objects or disc-like systems. For none of these objects the last episode of star formation started later than redshift 4, suggesting that population ages of less than 1 Gyr are the Figure 14 . Distribution of total stellar mass for distinct morphologies. The vertical lines show the median of each distribution (see Table 2 ).
result of continuous star formation.
(iv) class 4: unclassified The median stellar mass of this class is slightly lower, 4.6×10 10 M . Like the irregular or merging EROs, the members of this class started forming their stellar mass very early, at redshift 4 and higher. With one notable exception, the ERO at redshift 2.98 (ero 141755.44+522928.5), the stellar population in this group is older than 1 Gyr.
Considering that the mass estimates can vary by factors of Figure 15 . Ratio between population age at the time of observation and the exponential decay time τ against redshift, for EROs with compact morphology (red), bulge+disc (purple) and disc dominated (green).
2, we find no dependency of average total mass on the morphological type of our ERO sample. The stellar mass-size relation (Fig. 17) shows a clear dependence on morphological type, with compact galaxies (class 1) having significant smaller sizes than EROs with different morphologies.
SUMMARY
In this paper we have presented a sample of 102 extremely red galaxies with F814W-K s 4 found within the GOYA survey. The EROs morphology was visually classified. We found an almost equal fraction of compact objects (37%) and objects with a disc component (40%). Among the later we find a substantial fraction of edge-on spirals, 58% of all class 2 objects, which is extremely good agreement with the results of Gilbank et al. (2003) and Yan & Thompson (2003) . . The (stellar) mass size distribution for all morphological classes. The effective radii are circularised, r eff =ae (1 − ), with being the ellipticity of the object (1-axis ratio). The dashdot line shows the local mass size of early type galaxies (n 2.5) and the dashed line for late type galaxies (n<2.5) the Sloan Digital Sky Survey (Shen et al. 2003) . The stellar mass has been evaluated using a Salpeter IMF. The error bars represent a possible uncertainty in mass by a factor of 2, and the standard deviation for r eff (see Table 2 ).
However, there is a discrepancy between the fraction of edge on spirals in respect to the total ERO sample of Yan & Thompson (2003) . Our visual classification agrees well with the results of 2D surface brightness fitting (GALFIT), showing that galaxies which appear compact have both smaller effective radii and larger Sérsic indices than galaxies with bulge+disc components (larger r eff but also larger Sérsic index). Pure "disc galaxies" have both the largest effective radii and the smallest Sérsic index, while the irregular galaxies or merger candidates seem to represent an intermediate state. Photometric masses were derived by fitting Charlot & Bruzual (Bruzual 2007 ) τ -population models to the SED of the galaxies. Derived stellar masses for our ERO sample range from log(M/M ) = 10 to log(M/M ) < 11.6. Our median stellar mass is log(M/M ) ≈ 11.0. Most notably, the median stellar mass is independent of morphology, arguing against the notion that massive galaxies are spheroids. We note that some of the EROs at high redshift (z>2), have ages close to the age of the Universe at the redshifts they are observed, which in case of compact objects poses a challenge to the current models of galaxy formation, in which evolved galaxies form at later times through the merger of low mass objects. However, the young objects in class 1 agree well with merger scenarios (see also Ricciardelli et al. 2010 ). We do not observe a strong evolution within 1< z <2 for 10 11 M mass objects, neither among the compact class nor for EROs with a star forming component. Similar results have been found by Conselice et al. (2008) for massive EROs with M > 10 11 M detected in the DEEP2/Palomar fields. The EROs within their K< 19.7 selection have the same upper range of masses at z∼0.8-2.0, therefore indicating little mass growth for this population at this K-band limit. Also we detect a substantial fraction of EROs with total stellar masses below 10 11 M while Conselice et al. (2008) state that almost all of their EROs at K <19.7 have masses above this value. Looking at the mass-size relations we find that our sample of compact galaxies deviates strongly (circa factors of 4-5) from the local relation, while the galaxies in the remaining morphological classes lie closer to the local mass-size relation for late type galaxies, which is in agreement to previous studies like Trujillo et al. (2007) .
APPENDIX A: TABLE A1
Summary of photometric, morphological and structural parameters ((1) target name, (2): photometric redshift, (3): visual classification, (4): security of the vote, (5): aperture magnitude-F814W, (6) aperture magnitude -Ks, (7): colour, (8): size (ae (half-light radius along semimajor axis), (9): Sérsic index, (10): axis ratio (b/a), (11): F814W magnitude from GALFIT, (12): reduced χ 2 by GALFIT). Objects marked with * fulfil also the colour criteria for DRGs: J-K > 2.3. The small photometric errors are SExtractor errors only. Objects marked with # show extremely low effective radii (r eff 0.01 kpc) and were excluded from our final target list. Table A1 . Summary of photometric, morphological and structural parameters. For an explanation of the columns please see the text in this section. 
